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INTRODUCTION 
The systems FeSz-HZ-HzS and FeS2-hydrogen donor-HZS p l a y  a c r i t i c a l  

r o l e  i n  the c a t a l y s i s  o f  coal  l i q u e f a c t i o n  by n a t u r a l l y  occu r r i ng  minera ls .  
Consequently, t he re  i s  a tremendous i n c e n t i v e  t o  understand the  exact 
mechanism and r a t e s  o f  r e a c t i o n  which a f f e c t  t he  c a t a l y s i s  o f  coa l  l i q u e -  
f a c t i o n  by FeS,. 

our own labo ra to ry  suggest t h a t  the dominant c a t a l y t i c  a c t i o n  i s  due t o  
the  formation o f  an i n te rmed ia te  compound, p o s s i b l y  [FeSx+1H2] which can 
r e a c t  according t o  t h e  scheme: 

Examination o f  t h e  data a v a i l a b l e  i n  the  l i t e r a t u r e  and s tud ies  from 

FeS, + H2S 

RR ' 

RH + R ' H  

x+ 1 .-+ FeS 

The main f u n c t i o n  o f  t he  FeS 
hydrogen t o  o r g a n i c a l l y  boun8+iydrogen, e i t h e r  i n  the  form o f  donor mole- 
cu les and/or coal de r i ved  molecules. 
r o l e  i n  t h i s  system s ince  i t s  value determines t h e  e q u i l i b r i u m  d i s t r i b u t i o n  
of the a c t i v e  c a t a l y t i c  in termediate,  FeSx+lH2, and the  l ess  a c t i v e  species 

FeSx+lThis mechanism exp la ins  many o f  t h e  observat ions i n  the  system coa l -  
solvent-FeS2. 

1. C a t a l y t i c  a c t i o n  by Fe s a l t s  i s  observed on ly  when H S i s  present 
i n  the  reac to r .  The l e v e l  o f  t h e  c a t a l y s i s  depends 6n t h e  r a t i o  
[ H z S l / [ H z l .  
Regardless o f  t h e  s t a r t i n g  m a t e r i a l ,  when the  FeS, i s  a l lowed t o  
ca ta l yze  the  r e a c t i o n  long enough, a f i x e d  r a t i o  o f  Fe t o  S i s  
achieved, t y p i c a l l y  o f  t h e  order  o f  Fe/S 1/1.09. Such a r a t i o  
cou ld  be the r e s u l t  o f  the thermodynamic e q u i l i b r i u m  achieved 
fo r  t he  coal  a t  t h e  p r e v a i l i n g  [H2SI/[Hz]. 
The type o f  p y r i t e  used t o  c a t a l y z e  the  r e a c t i o n  i n f l uences  main ly  
t h e  r a t e  o f  t h e  i n i t i a l  stages o f  t he  r e a c t i o n  b u t  has l i t t l e  
e f f e c t  on t h e  r e s u l t s  o f  l ong  t ime  l i q u e f a c t i o n .  

i s  t o  permi t  conversion o f  molecular  

The [HzS]/[H2] p lays a c r i t i c a l  

and FeS,. 

The most impor tant  f a c t s  are: 

2. 

3. 

Since the r a t i o  [H.$]/[HzJ (gas) and t h e  r a t i o  Fe/S ( s o l i d )  p lay  such 
a c r i t i c a l  r o l e  i n  the  l i q u e f a c t i o n ,  i t  appeared use fu l  t o  q u a n t i t i z e  t h e  
r a t e  o f  t h e  i n d i v i d u a l  reac t i ons  invo lved.  To achieve reasonable data, i t  
appeared e s s e n t i a l  t h a t  t h e  same sample o f  FeSz be tes ted  so  t h a t  i t  would 
be poss ib le  t o  avoid quest ions r e l a t e d  t o  t h e  conversion o f  t he  sur face and 
so t h a t  small  d i f f e rences  i n  r e a c t i v i t y  cou ld  be determined. I n  t h i s  paper 
p r e l i m i n a r y  r e s u l t s  are presented on the system FeSx-H2-H2S. 

EXPERIMENTAL 

surface cond i t i ons ,  a pulsed d i f f e r e n t i a l  r e a c t o r  (PDR) was used, s i m i l a r  
t o  t h a t  described by A t t a r  (1979). 

In order  t o  have more o r  l ess  t h e  same sur face area and t h e  same 

The on ly  d i f f e r e n c e  was t h a t  a S.S. 
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packed bed reactor 1/4" ID x 1 f t  packed with -100+120 mesh FeS particles 
was used as the reactor. Helium was used as the carrier gas an$ pulses of 
H2, H2S or CO were used t o  investigate the effect  of the surface conversion 
of the pyrite on i t s  reactivity, the activation energies f o r  the reaction, 
etc.  Figure 1 is  a schematic diagram o f  the reaction system. 

In a typical experiment, a pulse of H2 was injected into the He 
carr ier  and the product pulse, which consists of unreacted H2 and  H2S + S2 
was separated on a Chromosorb 105 column and the components were determined 
by a TC detector. 

ANALYSIS OF THE DATA 

from t h e  consumption of the hydrogen, 1 .e. , 
The relative rate of reaction, r j ,  in the j - t h  pulse was determined 

WHO - w 
2 H 2 j  ri = 

where Wo i s  theLnumber of moles of H 2  injected and kr,, 

moles of incorporated H2. 
the experiments, in order t o  allow the determination of the variations of 
r .  with the temperature. To a f i r s t  order approximation, since the 
sdrface was barely converted in each pulse, one may write, assuming 
Arrhenius dependence of the rate constant on the temperature: 

are the number of 
H2 The temperature was program6ed during most of 

E - -  
D T  
I\ I - 

r = ko s e [H2] j 
or roughly: \ 

E " H 2 j  - 

win 
log r = l og  [ l  - -1 = log ko  [H2]  - j ( 3 )  

L 

[HI i s  the average concentration of H2 near the surface and E i s  the 
acgivation energy. 
B and C were done on the same pyrite sample by successive injection of 
H2 pulses in three cycles of heating and cooling of degassed FeS2. The 
d a t a  indicate t h a t  as the surface i s  being converted, the activation 
energy rises s l ight ly ,  from 26.4 t o  27.4 kcal/mole fo r  abou t  1% surface 
conversion and that the preexponential factor decreases. 
the accumulation of  FeS2- near the surface which resis ts  t o  the diffusion 
of S' in the solid (see rgf. 2 ) .  

curve E was derived with a specially prepared sample of FeS2. The las t  
curve indicates that  sample D i s  a much more reactive specimen, with an 
activation energy of 22.7 kcal/mole and a larger preexponential factor 
than the raw FeS2. 

FeS,. 
Fe, S ,  H2 and H2S in such a system. 
one of the subsystems, i . e . ,  FeS2 + H2 and the role of surface conversions 
in deactivation of the reaction of FeS2 with pure H2 i s  demonstrated. 
Specially prepared samples of FeS2 appear t o  have a much larger activity 
toward H2, and as will be shown in a future paper, much larger catalytic 
effect  on the rate of coal liquefaction. 
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Figure 2 shows some of the d a t a  obtained. Curves A ,  

This i s  due t o  

Curve D was obtained using a different sample of iron pyrite while 

SUMMARY 
A new mechanism i s  proposed for catalytic coal liquefaction using 

The mechanism includes many of the observed facts on the role of 
Preliminary d a t a  are presented on 
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